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Abstract
The CUORE (Cryogenic Underground Observatory for Rare Events) experiment
projects to construct and operate an array of 1000 cryogenic thermal detectors of
a mass of 760 g each to investigate rare events physics, in particular, double beta
decay and non baryonic particle dark matter. A first step towards CUORE is
CUORICINO, an array of 56 of such bolometers, currently being installed in the
Gran Sasso Laboratory with very promising preliminary results. In this paper we
report the physics potential of both stages of the experiment regarding WIMP
exclusion and annual modulation sensitivity, solar axion searches and neutrinoless
double beta decay of 130Te.
PACS: 23.40.-s; 95.35.+d; 14.80.Mz
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1 Introduction: The CUORE project
Future progress in Particle Physics and Cosmology relies on the detection and identi-
cation of rare events at low energy. Some examples of these events are the discovery of
non-baryonic particle dark matter (axions or WIMPs), supposedly lling a substantial
part of the galactic haloes, or the detection of a neutrinoless double beta decay. These
signals, if detected, would be important evidences for a new physics beyond the Standard
Model of Particle Physics, and would imply outstanding consequences at a cosmological
level. The experimental development carried out in the last decade in the eld of low
background particle detection has lead to a signicant improvement of the sensitivity of
the devices used in such rare event searches. In particular, dark matter detection ex-
periments have largely beneted from the experimental progress accomplished in double
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beta decay detection technology, which illustrates the close relation between both kinds
of searches at an experimental level.
Due to the low probability of these events, special care must be taken in diminishing
the experimental background to the lowest possible value. Otherwise the sensitivity of the
experiment could be seriously limited. Therefore, an ultra-low background environment,
as well as specic techniques of shielding and background rejection are needed. In addition,
to improve the signal to noise ratio, a large amount of detector mass would be in general
desirable, so now most of the groups involved in this type of searches are planning to
enlarge their devices adding more detector mass, while keeping the other experimental
parameters under control.
On the other hand, the recent development of the cryogenic techniques allows to make
use of the low energy threshold and good resolution theoretically expected for the thermal
signals, and to apply them to the detection of double beta decay or particle dark matter.
A major exponent of this development is the MIBETA (Milano Double Beta) experiment,
which has successfully operated a 20 TeO2 crystal array of thermal detectors summing up a
total mass of 6.8 kg, the largest cryogenic mass operated up to now. With the objective of
going to larger detector masses and of improving the sensitivity of the smaller arrays, the
CUORE (Cryogenic Underground Observatory for Rare Events) project [1] was born some
years ago as a substantial extension of MIBETA, within the framework of an international
collaboration including, besides the Milano group, other groups from Berkeley, Como,
Firenze, Gran Sasso, Leiden, Padova, South Carolina and Zaragoza. The nal objective of
CUORE is to construct an array of 1000 bolometric detectors with cubic crystal absorbers
of 5 cm side and of about 760 g of mass each, entering in the category of 1 ton (order of
magnitude) detectors. The crystals will be arranged in a cubic compact structure and the
experiment will be installed in the Gran Sasso Underground Laboratory. The material to
be employed rst is TeO2, as one of the main goals of CUORE is to investigate the double
beta decay of 130Te, although other absorbers could also be used to selectively study
several types of rare event phenomenology. Apart from the MIBETA experiment, already
completed, work on R&D is under way in the framework of CUORICINO, a smaller and
intermediate stage of the experiment, which consists of 56 of the above crystals summing
up a mass of 42 kg. CUORICINO is already approved and funded, and its preliminary
results are encouraging [2]. In particular, the rst tests with one CUORICINO crystal
have obtained a threshold and resolution notably better than the MIBETA experiment.
In this work the prospects of CUORE and CUORICINO experiments regarding dark
matter detection and identication (axions and WIMPs) as well as its double beta decay
discovery potential are presented. The detection of such small and rare signals requires
ultra{low background detectors with very good energy resolutions and for the specic
case of dark matter detection also very low energy thresholds. Many experiments are
searching for such signals using a variety of detectors and techniques to implement such
requirements. Bolometric detectors like those of the CUORE and CUORICINO experi-
ments had typical radioactive backgrounds much larger than the conventional germanium
ionization detectors, mainly due to the fact that the more complex cryogenic technology
had not been optimized from the point of view of the radiopurity of the components near
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the detector. However, after a considerable R&D eort a signicant improvement in that
eld has been accomplished during the last years, and now these devices have achieved
very competitive backgrounds.
In the case of CUORE, a detailed Monte Carlo study of its expected background has
been performed including all possible background sources with the purpose of designing
the proper shielding and studying the background rejection potential derived from the
anticoincidence between crystals. The result of this study [18] tells us that (using selected
radiopure materials) CUORICINO and CUORE could achieve a background of 0.05 and
0.005 c/keV/kg/day respectively in the low energy region (2{50 keV) and about 0.05
and 0.005 c/keV/kg/y in the 2{2.5 MeV region which could be even better when more
optimistic values of the radiopurity achieved in the detector components and shielding are
used as input in the MC simulations. These gures can be anticipated by extrapolating the
latest performances of the MIBETA experiment, which, although they stand by now two
orders of magnitude worse than the CUORE goals, the exhaustive radiopurity selection of
material components planned for CUORE and the powerful anticoincidence rejection that
CUORE will have make reasonable such projection. Regarding the expected threshold
and resolution, the rst CUORICINO tests [2] point out that they will be considerably
improved with respect to those of the MIBETA experiment. In particular, a threshold
of 5 keV and a low energy resolution of 1.5 keV have already been achieved with one
CUORICINO test crystal. A threshold of 2 keV and a low energy resolution of 1 keV in
the case of CUORE can be reasonable expected. Taking into account these expectations,
we discuss in the following the prospects of CUORICINO and CUORE for double beta
decay searches (section 2), for WIMP detection (section 3) and for solar axion exploration
(section 4).
2 Double beta decay
One of the main scientic objectives of the CUORE detectors is to search for the double
beta decay of the 130Te isotope contained in the (natural) TeO2 set of crystals.
The importance of the nuclear double beta decay as an invaluable tool to explore
particle physics beyond the Standard Model has been repeatedly emphasized and widely
reported [3]. In the Standard Model of Particle Physics neutrinos are strictly massless,
although there is no theoretical reason for such a prejudice. On the experimental side,
there exists now evidence from the atmospheric neutrino data (SuperKamiokande) to
conclude that neutrinos oscillate among dierent species, implying that they are massive
particles. On the other hand, other evidences from experiments with solar and terrestrial
neutrinos lead to inconsistencies in the standard theory, unless it is assumed that neutrinos
have indeed masses and oscillate among the three species. The recent results of solar ν
experiments from SNO [4], combined with SuperK have provided the smoking gun of such
oscillations and, consequently, to the existence of non-zero mass neutrinos. Moreover,
galaxy formation requires a small amount of hot non-baryonic dark matter to match
properly the observed spectral power at all scales of the universe. A non-standard, massive
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neutrino could make the hot dark matter. Consequently, the question of the neutrino mass
is one of the main issues in Particle Physics.
In the Standard Model, neutrinos and antineutrinos are supposed to be dierent par-
ticles, but no experimental proof has been provided so far. The nuclear double beta
decay addresses both questions: whether the neutrino is self-conjugated and whether it
has a Majorana mass. In fact, the lepton number violating neutrinoless double beta de-
cay (A, Z) ! (A, Z + 2) + 2e− (2β0ν) is the most direct way to determine if neutrinos
are Majorana particles. Moreover, the observation of a 2β0ν decay would imply a lower
bound for the neutrino mass, i. e. at least one neutrino eigenstate has a non-zero mass.
Another form of neutrinoless decay, (A, Z) ! (A, Z + 2) + 2e− + χ may reveal also
the existence of the Majoron (χ), the Goldstone boson emerging from the spontaneous
symmetry breaking of B − L, of most relevance in the generation of Majorana neutrino
masses and of far-reaching implications in Astrophysics and Cosmology. These and other
issues, like the verication of SUSY models, compositeness, leptoquarks, etc. make the
search for the neutrinoless double beta decay an invaluable exploration of non-standard
model physics, probing mass scales well above those reached with accelerators. That is
the motivation why there are underway dozens of experiments looking for the double beta
decay of various nuclei [3] and a few big projects in the horizon.
The cryogenic thermal detectors provide new double beta emitter nuclei to be explored
in "active" source=detector calorimeters. Some of them have been tested and other are
already in running detectors, like 48Ca in CaF2,
130Te in TeO2, and
116Cd in CdWO4. As
far as the Tellurium Oxide is concerned, the 130-Tellurium isotope is a good candidate for
double beta decay searches: its isotopic contents in natural Tellurium is 33.87%, and its
2β Q-value is reasonably high to escape from the main radioimpurity lines when looking
for a neturinoless signal. Moreover, the 2β Q-value Q2 = 2528 1.3 keV happens to be
between the peak and the Compton edge of the 2615 keV line of 208Tl, which leaves a
clean window to look for the signal. Finally, it has a fairly good nuclear factor-of-merit
F 0N = G0 jM0 j2, where G0 is an integrated kinematical factor qualifying the goodness
of the Q2 value (large phase space) and M
0 the neutrinoless nuclear matrix elements
characterizing the likeliness of the transition.
In table 1 we quote the values of F 0N in the
130Te case calculated in various nuclear
models, together with those of other emitters used in source=detector calorimeters. It
can be seen that no matter the nuclear model used to compute the neutrinoless decay
matrix elements, the merits of 130Te are a factor 5{10 more favorable than those of 76Ge
(the emitter where the best half-life limits have been achieved so far), which translates
into a factor 2 to 3 better as far as the hmi bounds are concerned.
The detector factor-of-merit F 0D , or detection sensitivity, introduced long time ago
by Fiorini, provides an approximate estimate of the neutrinoless half-life limit achievable
with a given detector. For source=detector devices, it reads:






  years (1)
where A is the atomic mass, a is the isotopic abundance, M the detector mass in kg, b the
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76Ge 130Te 136Xe nuclear model
1.12 10−13 5.33 10−13 1.18 10−13 QRPA [5]
1.12 10−13 4.84 10−13 1.87 10−13 QRPA [6]
1.87 10−14 3.96 10−13 7.9 10−14 QRPA [7]
1.54 10−13 1.63 10−12 Weak Coupling SM [8]
1.13 10−13 1.1 10−12 Generalized Seniority [9]
1.21 10−13 5.0 10−13 1.73 10−13 QRPA [10]
7.33 10−14 3.0 10−13 1.45 10−13 QRPA without pn pairing [11]
1.42 10−14 1.24 10−13 9.3 10−14 QRPA with pn pairing [11]
5.8 10−13 3.18 10−12 [12]
1.5 10−14 2.16 10−14 Large basis SM [13]
9.5 10−14 3.6 10−13 6.06 10−14 Operator expansion method [14]
Table 1: 2β0ν nuclear merits F 0N (y
−1) of emitters used in some source=detector calorime-
ters, according to various nuclear models.
Mass (kg) Background (c/keV/kg/y) F 0D (years)
42 0.1 8.5 1024pt
42 0.05 1.2 1025pt
42 0.01 2.7 1025pt
760 0.01 1.1 1026pt
760 0.005 1.6 1026pt
760 0.001 3.6 1026pt
Table 2: 2β0ν detection sensitivities in terms of the detector factor-of-merit F 0D achievable
by CUORICINO and CUORE assuming dierent levels of background and a resolution
of 5 keV at 2{2.5 MeV region, being t the running time in years
background in c/keV/kg/y, t the running time in years, Γ the FWHM energy resolution
in keV and  the detector eciency.
Provided that a background b = 0.1 c/keV/kg/y and a resolution Γ = 5 keV will be
achieved in the rst stage of CUORICINO, one has FD  1.4  1024
p
Mt years, where
M (kg) is the mass of Tellurium in the Tellurite crystal array. For a mass equivalent to
CUORICINO, one has FD  8.5  1024
p
t years. As far as the hmi limit is concerned,
since the nuclear factor-of-merit of 130Te is larger than that of 76Ge, with 130Te one can
get a factor 2{3 better hmi bound than that of 76Ge for the same half-life limit. In other
terms, one needs to reach a half-life limit of only T 01=2  5  1024 years to get the same
hmi upper bound currently achieved in the Germanium experiments (1.9 1025 years).
In a few months of operation, CUORICINO alone will match the current Ge hmi limit.
But according to the Monte Carlo simulations before mentioned, the expected back-
ground for CUORICINO and CUORE at those energies can be conservatively estimated
to be 0.05 and 0.005 c/keV/kg/y respectively. In table 2 we show the estimated limits on
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the half-life for dierent background levels assumed for both setups, ranging from conser-
vative gures to more optimistic ones. The same resolution of 5 keV has been assumed.
In the case of CUORE, one could get FD  3.6 1026
p
t years, assuming the value of b =
0.001 c/keV/kg/y as indicated in the last line of the table. This will imply that, in case
of non-observation of 2β0ν events, in one year of statistics CUORE could provide hmi
upper bounds smaller than  0.03 eV in the most favorable case.
The ultimate sensitivity of CUORE for 2β0ν stagnates at 0.04 eV for the upper
bound of hmi with a very softened dependence with time (t−1=4). That would be a
remarkable result not foreseeable in other forthcoming experiments.
3 WIMP detection and identification
Recent cosmological observations [15] provide compelling evidence for the existence of
an important component of non-barionic cold dark matter in the Universe. Among the
candidates to compose this matter, Weakly Interacting Massive Particles (WIMPs) and
axions are the front runners. The lightest stable particles of supersymmetric theories, like
the neutralino [16], describe a particular class of WIMPs.
Under the hypothesis of WIMPS as main component of the dark matter, these parti-
cles should ll the galactic haloes and explain the flat rotation curves which are usually
observed in many galaxies. The detection of such particles could be attempted both by
means of direct and indirect methods. The direct detection of WIMPs relies on the mea-
surement of their elastic scattering o the target nuclei of a suitable detector[17]. The
non relativistic and heavy (GeV { TeV) WIMPs could hit a detector nucleus producing a
nuclear recoil of a few keV. Because of the small WIMP-matter interaction cross sections
the rate is extremely low. In the case of SUSY WIMPs most of the cross section pre-
dictions (derived using MSSM as the basic frame implemented with dierent unication
hypothesis) encompass a range of values several orders of magnitude wide (the so-called
scatter plots) providing rates ranging from 1 c/kg/day down to 10−5 c/kg/day according
to the particular SUSY model.
It is well known that the predicted signal for the WIMP elastic scattering has an
exponentially decaying energy dependence, hardly distinguishable from the background
recorded in the detector. The simple comparison of the theoretical WIMP spectrum
with the one experimentally obtained, gives an exclusion of the WIMP masses (m) and
WIMP-nucleon cross sections (σ) which yield spectra above the measured experimental
rate at a given condence level. To claim a positive identication of the WIMP, however,
a distinctive signature is needed. The only identication signals of the WIMP explored up
to now are provided by the features of the Earth’s motion with respect to the dark matter
halo. In particular, the annual modulation [19] is originated by the combination of the
motion of the solar system in the galactic rest frame and the rotation of the Earth around
the Sun. Due to this eect, the incoming WIMP’s velocities in the detector rest frame
change continuously during the year, having a maximum in summer and a minimum in
winter. Therefore the total WIMP rate changes in time:
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Figure 1: Exclusion projected for 2 years of CUORICINO assuming a threshold of 5 keV,
a low energy resolution of 1 keV, and low energy background levels of 1, 0.1 and 0.01
c/keV/kg/day respectively. The closed curve represents the DAMA region.
S = S0 + Sm cos ω(ti − t0) (2)
where S0 and Sm are the constant and the modulated amplitude of the signal, respectively.
The oscillating frequency ω corresponds to an annual period and the phase t0 to the 2nd
June.
The relative variation of the signal is small (a few percent) so in order to detect
it one needs to reach large detector masses to increase statistics and several periods of
exposure to minimize systematics. Several experiments have already searched for this
eect [20, 21, 22] and recently one group has reported a possible positive signal [23].
The present situation is no doubt exciting: on one hand that result has triggered an
intense activity in the eld; on the other the experimental sensitivities of various types
of underground detectors are entering the supersymmetric parameter space [24] and in
particular two of them [25, 26] almost totally exclude the region of mass and cross-section
where the reported WIMP is supposed to exist. In the following we discuss, rst, the
perspectives of CUORICINO and CUORE in terms of simple WIMP exclusion, i.e. using
the total time-integrated experimental rate and comparing it with the predicted nuclear
recoil rate, and afterwards we will derive its expected sensitivity as far as the annual
modulation signal is concerned.
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Figure 2: Exclusion projected for 1 year of CUORE assuming a threshold of 2 keV, a
low energy resolution of 1 keV, and low energy background levels of 0.1, 0.01 and 0.005
c/keV/kg/day respectively. The closed curve represents the DAMA region.
To calculate the theoretical WIMP rate standard hypothesis and astrophysical param-
eters are assumed, i.e., that the WIMPs form an isotropic, isothermal, non-rotating halo
of density ρ = 0.3 GeV/cm3, which has a maxwellian velocity distribution with vrms = 270
km/s (with an upper cut corresponding to an escape velocity of 650 km/s), and a relative
Earth-halo velocity of vr = 230 km/s). Other, more elaborated halo models, which have
been considered recently [27] would lead to dierent results. The same applies when other
astrophysical parameters are employed [28]. The theoretical predicted rate is expressed in
terms of the mass and cross-section of the WIMP-matter interaction. The cross sections
are normalized per nucleon assuming a dominant scalar interaction, as is expected, for







where A is the target (oxigen and tellurium) mass number, µ2W;N is the WIMP-nucleus
reduced mass, and µ2W;n the WIMP-nucleon reduced mass. The Helm parameterization
[29] is used for the scalar nucleon form factor. The (m, σ) exclusion plot is then derived
by requiring the theoretically predicted signal for each m and σ in each energy bin to be
less than or equal to the (90% C.L.) upper limit of the (Poisson) recorded counts. The
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Figure 3: Sensitivity plot in the (m, σ) plane for CUORICINO, assuming a threshold of
5 keV, flat background b = 0.1 c/keV/kg/day and two years of exposure (84 kg year). It
has been calculated for hδ2i = 5.6 (see the text). The closed contour represents the 3σ
CL region singled out by the modulation analysis performed by the DAMA experiment
[23], and the cross indicates de minimum of the likelihood found by the same authors.
bin width is assumed to be equal to the detector resolution.
In gure 1 the exclusion plots for coherent spin-independent WIMP-matter interaction
are shown for three possible values of the background of CUORICINO, 1, 0.1 and 0.01
c/keV/kg/day. The choice of the assumed background levels reflect a set of conservative
achievable backgrounds, the rst two of them being already at hand. For these exclusions,
a low energy resolution of 1 keV and an energy threshold of 5 keV have been assumed
as well as an exposure of 2 years (84 kgyear). In addition, in gure 2 the exclusions for
three possible values of the background of CUORE, 0.1, 0.01 and 0.005 c/keV/kg/day are
presented. In this case a low energy resolution of 1 keV, and an energy threshold of 2 keV
are assumed, as well as an exposure of 1 year (760 kgyear). Again the quoted backgrounds
extend from values already at hand down to optimistic projections. In both gures it is
shown the region corresponding to the annual modulation positive signal reported by the
DAMA collaboration.
From both gures one can see that the DAMA region could already be explored by
the CUORICINO experiment. Of course CUORE will be able to exclude a vast region of
the (m, σ) plane which includes the DAMA region even in the worse case of background
level considered. On the other hand, these contours enter fully in the scatter plots of the
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Figure 4: The solid line represents the sensitivity plot in the (m, σ) plane for CUORE,
assuming a threshold of 5 keV, flat background b = 0.01 c/keV/kg/day and two years
of exposure (1500 kg year). It has been calculated for hδ2i = 5.6 (see the text). The
curve has been also calculated for a possible threshold of 2 keV (dashed line). The closed
contour represents the 3σ CL region singled out by the modulation analysis performed by
the DAMA experiment [23], and the cross indicates de minimum of the likelihood found
by the same authors.
theoretical predictions of various SUSY models (see [24] and references therein).
On the other hand, CUORE and to some extent CUORICINO have large enough
detector mass to search also for the annual modulation signal. The sensitivity of a given
experimental device to the annual modulation signal (according to the detector material
employed and the experimental parameters of the detectors) has been extensively studied
in ref. [30] on purely statistical grounds. Following the guidelines of that reference, it can
be precisely quantied by means of the δ parameter, dened from the likelihood function
or, equivalently, from the χ2 function of the cosine projections of the data (for further
details see ref. [30]):
δ2 = y(σ = 0)− ymin ’ χ2(σ = 0)− χ2min. (4)
This parameter measures the statistical signicance of the modulation signal detected
in an experimental set of data. However, for a given (m, σ) and a given experiment the









MTα + 2. (5)
where Sm;k and S0;k are the modulated and non-modulated parts of the WIMP signal in
the kth energy bin of Ek width, bk is the background in that energy bin and MTα the
eective exposure, being α a coecient accounting for the temporal distribution of the
exposure time around modulation maxima and minima (α = 1/n
∑n
i=1 cos
2 ω(ti − t0) for
n temporal bins).
Using this equation we have estimated the region that could be within reach for
CUORE and CUORICINO with very conservative assumptions on the background levels.
We have xed a value of 5.6 for hδ2i that corresponds to 50% probability of obtaining a
positive result at 90% C.L.. In gure 3 it is shown the curve obtained for a threshold of
5 keV, a flat background of 0.1 c/keV/kg/day and two years of exposure with CUORI-
CINO (84 kg year). One can see that CUORICINO could already explore pretty well the
DAMA region looking for a positive annual modulation signal. In gure 4 similar curves
are presented, assuming a flat background of 0.01 c/keV/kg/day, two years of exposure
of CUORE (1500 kg year) and two dierent possible thresholds: 5 keV (solid line) and 2
keV (dashed line).
In conclusion, CUORE and to some extent CUORICINO will be able not only to
exclude but also to search and identify a possible WIMP candidate lying in a larger region
that those testable in other current or foreseeable experiments including in particular the
DAMA region.
4 Solar axion detection
Axions are light pseudoscalar particles which arise in theories in which the Peccei-Quinn
U(1) symmetry has been introduced to solve the strong CP problem [31]. They could
have been produced in early stages of the Universe being attractive candidates to the
cold dark matter (and in some particular scenarios to the hot dark matter) responsible
to the 1/3 of the ingredients of a flat universe. Axions could also be copiously produced
in the core of the stars by means of the Primako conversion of the plasma photons. In
particular, a nearby and powerful source of stellar axions would be the Sun.
The solar axion flux can be easily estimated [32, 34] within the standard solar model,
resulting in an axion flux of an average energy of about 4 keV that can produce detectable
X-rays when reconverted again in an electromagnetic eld. We would like to stress that,
although we focus on the axion because its special theoretical motivations, all this scenario
is also valid for a generic pseudoscalar (or scalar) particle coupled to photons [35]. Needless
to say that the discovery of any type of pseudoscalar or scalar particle would be extremely
interesting in Particle Physics.
Crystal detectors provide a simple mechanism for solar axion detection [33, 34]. Axions
can pass in the proximity of the atomic nuclei of the crystal where the intense electric eld
can trigger their conversion into photons. The detection rate is enhanced if axions from
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the Sun coherently convert into photons when their incident angle with a given crystalline
plane fullls the Bragg condition. This induces a correlation of the signal with the position
of the Sun which can be searched for in the data and allows for background subtraction.
The potentiality of Primako conversion in crystals relies in the fact that it can explore
a range of axion masses (ma < 0.1 eV) not accessible to other searches. Moreover it is a
relatively simple technique that can be directly applied to detectors searching for WIMPs.
Primako conversion using a crystal lattice has already been employed in two germa-
nium experiments: SOLAX [36] and COSME-II [37] with the ensuing limits for axion-
photon coupling gaγγ < 2.710−9 GeV−1 and gaγγ < 2.810−9 GeV−1 respectively. These
constraints are stronger than that of the Tokyo axion helioscope [42] for ma > 0.26 eV
and do not rely on astrophysical considerations (i.e. on Red Giants or HB stars dynamics
[38]). The orientation of the crystal was not known so that the data were analyzed taking
the angle corresponding to the most conservative limit.
It has recently been stressed that the model that yields the solar axion fluxes used
to calculate the expected signals is not compatible with the constraints coming from
helioseismology if gaγγ > 10−9 GeV−1 [39]. This would imply a possible inconsistency for
solar axion limits above that value, and sets a minimal goal for the sensitivity of future
experiments.
The use of TeO2 crystals in CUORE should have a priori some advantages with respect
to germanium detectors, mainly because of the larger mass, the known orientation of the
crystals and the fact that the cross-section for Primako conversion depends on the square
of the atomic number. However the expected signal lies in the energy region 2 keV < E <
10 keV and is peaked at E ’ 4 keV, so a high sensitivity will be reached provided a low
enough threshold is achieved.
We have performed a detailed analysis for a TeO2 crystal (which has a tetragonal
structure [40] assuming dierent values for the experimental parameters. As it is shown
in a recent paper [41], the limit on axion-photon coupling attainable by an experiment













where k depends on the crystal structure and material, as well as on the experimental
threshold and resolution. For the case of TeO2 and a threshold of 5 keV, k has been
calculated to be k = 3.0 for an energy resolution of 2 keV, and k = 2.9 for an energy
resolution of 1 keV. If we lower the threshold to 2 keV, those values go down to 2.8 and
2.7 respectively. The computation of this expression for dierent combinations of values
for the experimental parameters are shown in table 3 for CUORICINO and table 4 for
CUORE. In all cases flat backgrounds and 2 years of exposure are assumed.
From the numbers of both tables one can see the weak dependence of the nal limit
on the experimental parameters, specially on background and exposure, due to the 1/8
power dependence of gaγγ on such parameters. In fact, the best limit shown in table 4 is
only one order of magnitude better than present limits of SOLAX and COSME-II. This
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Mass Resolution Threshold Background glimaγγ (2 years)
(kg) (keV) (keV) (c/kg/keV/day) (GeV−1)
42 2 5 0.1 1.310−9
42 2 5 0.05 1.210−9
42 2 5 0.01 9.710−10
42 1 5 0.1 1.210−9
42 1 5 0.05 1.110−9
42 1 5 0.01 9.410−10
42 1 2 0.1 1.210−9
42 1 2 0.05 1.110−9
42 1 2 0.01 8.710−10
Table 3: Expected limits on the photon-axion coupling for 2 years of exposure of CUORI-
CINO assuming dierent sets of values for the experimental parameters
Mass Resolution Threshold Background glimaγγ (2 years)
(kg) (keV) (keV) (c/kg/keV/day) (GeV−1)
760 2 5 0.01 6.710−10
760 2 5 0.005 6.210−10
760 2 5 0.001 5.010−10
760 1 5 0.01 6.510−10
760 1 5 0.005 6.010−10
760 1 5 0.001 4.910−10
760 1 2 0.01 6.010−10
760 1 2 0.005 5.610−10
760 1 2 0.001 4.610−10
Table 4: Expected limits on the photon-axion coupling for 2 years of exposure of CUORE
assuming dierent sets of values for the experimental parameters
bound for gaγγ expected from CUORE is depicted comparatively to other limits in gure
5.
Moreover, while the limit obtainable by CUORICINO lies just at the same level that
the helioseismological limit commented before, CUORE could go beyond it, and explore a
limited high axion mass region of theoretical interest compatible also with the limits on the
axion mass. It should be stressed that the bounds on gaγγ from this technique will stagnate
at a few 10−10 GeV−1 as has been demonstrated in [41], close to the goal expected for
CUORE. So no bounds below this value are to be expected from other crystals detector
experiments with NaI, Ge or TeO2. Therefore, there are no realistic chances to challenge
the limit inferred from HB stars counting in globular clusters [38] and a discovery of the
axion by CUORE would presumably imply either a systematic eect in the stellar-count
observations in globular clusters or a substantial change in the theoretical models that
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Figure 5: Best bound attainable with CUORE (straight line labelled "CUORE") com-
pared with others limits.
one should go to the magnet helioscopes like that of Tokio [42] and that of CERN (CAST
experiment [44] currently being mounted).
Recently the DAMA collaboration has analyzed 53437 kg-day of data of their NaI set
up [43], in a search for solar axions, following the techniques developed in ref. [41], where
a calculation of the perspectives of various crystals detectors (including NaI) for solar
axion searches was made. The DAMA result gaγγ < 1.710−9 GeV−1 improves the limits
obtained in ref. [36] and [37] and agrees with the result predicted in ref. [41].
5 Conclusions
We have reported the perspectives of CUORE, a projected massive 760 kg array of 1000
TeO2 bolometers, and its rst stage CUORICINO, with 42 kg of the same crystals (cur-
rently being mounted), regarding the detection of several rare events. The estimated
background and resolution, based on detailed Monte Carlo studies as well as recent ex-
perimental development in the framework of MIBETA experiment and the rst steps of
CUORICINO have allowed us to assess the potentialities of these experiments for double
beta decay, solar axion detection and WIMP exclusion or identication. In all these top-
ics, CUORE and to some extent CUORICINO will result in greatly improved sensitivities
with respect to the present experiments. Specially relevant is the role that CUORICINO
and CUORE could play in solving the controversy of the WIMP annual modulation pos-
itive signal reported by DAMA collaboration.
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